
Characteristics 
of 

LASER Light 



Monochromaticity 

• No light is truly monochromatic, nevertheless, 
laser light comes far closer than any other light 
source to reaching this ideal limit. 

• The degree of monochromaticity of a light source 
can be specified by giving the linewidth of the 
radiation (FWHM). 

• Stimulated emission produces photons of 
identical frequencies.  monochromatic! 

• Spontaneous emission in laser output adds to the 
linewidth.  Schawlow-Townes linewidth. 
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400 nm  - 700 nm 

 

 

 

610 nm – 700 nm  

 

 

640 nm 



Monochromaticity 

 

- What makes laser light 
monochromatic? 

 

- What can’t light be ideally 
monochromatic? 

 

- How monochromaticity is 
measured? 

𝑀 =  ∆𝑓/𝑓𝑜 



Coherence 

• Coherence: is a measure of the degree of 
phase correlation that exists in the radiation 
field of a light source at different locations and 
different times. 

 

• Temporal coherence: a measure of the 
degree of monochromaticity of the light. 

• Spatial coherence: a measure of the 
uniformity of phase across the optical 
wavefront. 
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Coherence 

• Coherence: is a measure of the degree of 
phase correlation that exists in the radiation 
field of a light source at different locations and 
different times. 

 

• Coherence time Δt : ∆𝑡 =
1

∆𝑓
 

• Coherence length Lc: 𝐿𝑐 = 𝑐 ∆𝑡 =
𝑐

∆𝑓
 

• Monochromaticity : 𝑀 =
1

∆𝑡
=

𝑐

𝐿𝑐 𝑓𝑜
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Directionality 

• Directionality  minimum angular spread. 

• The high degree of directionality of a laser beam 
is due to: 

1. Geometrical design of the laser cavity 
(curvature of mirrors and their separation) 

2. Stimulated emission (twin photons) 

 



Directionality 

• Diffraction causes beam divergence. 

• Divergence angel d (half-angel beam spread)  
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Irradiance 

• Irradiance: Power per unit area. 

• Irradiance of a laser source is far greater than 
other sources due to the directionality and 
compactness of the laser beam. 

• Let us compare between the irradiance of a 
lightbulb and a laser beam. 
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Lightbulb 

• Light spreads uniformly in 

all directions. 

• Distance from lightbulb = 

1m 

• Power of lightbulb = 10 W 

LASER 

• Light doesn’t spread 

uniformly in all directions 

• Beam radius = 2 mm 

• Distance from laser = 1 m 

• Laser power = 1 mW 

Irradiance 
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Brightness 

• Brightness: Rate of power emitted from a unit 
area per stradian angle.  

 

 

• Since θ (divergence) is small for lasers, cos θ≈0. 

• Cross sectional of the beam, 𝑑𝑆 =
𝜋𝐷2

4
 

• Stradian angle, dΩ = 𝜋𝜃2 
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Laser energy is focused 
onto small target areas 
makes it possible to drill 
tiny holes, make tiny 
cuts or welds, carry 
industrial or medical 
procedures in target 
areas only a wavelength 
or two in size. 

Focusability 
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• Laser systems can deliver a laser beam of 
constant irradiance (continuous wave CW). 

• Other laser systems can deliver a laser beam in 
the form of bursts of radiation (pulses) with 
durations (pulse width) as small as a 
femtoseconds. 

• Q-Switching and mode locking are methods 
for obtaining pulsed operation. 

• Pulsed operation is useful in many 
applications. 

  

Pulses Operation 
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